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DESCRIPTION 

Illumination system comprising a radiation source and a fluorescent material 

The present invention generally relates to an illumination system comprising a radiation 
source and a fluorescent material comprising a phosphor. The invention also relates to a 
phosphor for use in such illumination system. 

More particularly, the invention relates to an illumination system and fluorescent 
material comprising a phosphor for the generation of specific, colored light, including 
white light, by luminescent down conversion and additive color mixing based an a 
ultraviolet or blue radiation emitting radiation source. A light- emitting diode as a 
radiation source is especially contemplated. 

Recently, various attempts have been made to make white light emitting illumination 
systems by using light emitting diodes as radiation sources. When generating white 
light with an arrangement of red, green and blue light emitting diodes, there has been 
such a problem that white light of the desired tone cannot be generated due to variations 
in the tone, luminance and other factors of the light emitting diodes. 

In order to solve these problems, there have been previously developed various 
illumination systems, which convert the color of light, which is emitted by light 
emitting diodes, by means of a fluorescent material comprising a phosphor to provide a 
visible white fight illumination. 

Previous white light illumination systems have been based in particular either an the 
trichromatic (RGB) approach, i.e. an mixing three colors, namely red, green and blue, 
in which case the latter component of the output light may be provided by a phosphor 
or by the primary emission of the LED or in a second, simplified solution, an the 
dichromatic (BY) approach, mixing yellow and blue colors, in which case the yellow 
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secondary component of the output light may be provided by a yellow phosphor and the 
blue component may be provided by a phosphor or by the primary emission of blue 
LED. 

5 

In particular, the dichromatic approach as disclosed e.g. U.S. Patent 5,998,925. uses a 
blue light emitting diode of InGaN semiconductor combined with an Y3A15012:Cc 
(YAG-Ce 3+ ) phosphor. The YAG-Ce 3+ phosphor is coated on the InGaN LED, and a 
portion of the blue light emitted from the LED is converted to yellow light by the 
10 phosphor. Another portion of the blue light from the LED is transmitted through the 
phosphor. Thus, this system emits both blue light emitted from the LED, and yellow 
light emitted from the phosphor. The mixture of blue and yellow emission bands are 
perceived as white light by an observer with a typical CRI in the middle 70s and a color 
temperature Tc , that ranges from about 6000 K to about 8000 K 

15 

A concern with the LED according to US 5,998,925 is that the "white" output light has 
an undesirable color balance for a true color rendition. 

For true color rendition the figure of merit is the color rendering index (CRT). Color 
20 rendering index (CRI)measurement is a relative measurement of how the color 

rendition of an illumination system compares to that of a black body radiator. The CRI 
equals 100 if the color coordinates of a set of test colors being ffluminatedby the 
illumination system are the same as the coordinates of the same. test colors being 
irradiated by a blaclebody radiator. 

25 

Colors .in-general .base .the role of providingvarious information_on_the visual, 
environment for humane, colors hawa particularly great role. amongme_visual. 
infemsmonrreceivedby caofe^of cam driving onroadsiorintunnels. For snample, 
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illuminated by lamps of low CRI, it has been difficult to distinguish the white and 
yellow lane markings on the road surface. 

Also an important thing in color recognition is that the red of a surface color be 
5 recognized as red. Because red, in particular, is coded for important meanings such as 
danger, prohibition, stop and fire fighting. Therefore important point in improving the 
visual environment from the view point of safety is an illumination, that enhances red 
surfaces. 

10 In case the B-Y base light source of dichromatic radiation type described previously is 
used in such a situation, there occurs such a problem that the probability of recognizing 
red which is an important color for the indication of danger is reduced due to the lack of 
spectrum in the red region of the visible light spectrum (647-700 nm range). The red 
deficiency in the output white light causes illuminated red objects to appear less intense 

15 in color than they would under a white light having a well-balanced color characteristic. 

Improved efficiency and much improved color rendering ability may be possible with 
the dichromatic lamp spectrum according to the (BY)-approach having two emission ■■■ 
bands: red at 590 to 630 and blue at 420 to 480 nm. These wavelengths are near to the 
20 peaks in the CIE tristimulus function which are used to define colors. 

Unfortunately, until today a red emitting phosphor with an emission peak wavelength in 
the range of 590 to 630 nm with sufficient efficiency and stability is not known. 

25 Therefore, there is a need to provide new phosphors that are excitable by a 

radiation source of the near UV-to-blue range and emit in the visible yellow to red 
range. 

Desirable characteristics for illumination systems for general purposes are also 
30 high brightness at economical cost. 
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Thus the present invention provides an illumination system, comprising a radiation 
source and a fluorescent material comprising at least one phosphor capable of absorbing 
a part of light emitted by the radiation source and emitting light of wavelength different 
from that of the absorbed light; wherein said at least one phosphor is a cerium-activated 
5 carbido-nitridosilicate of general formula (REi- z )2-aEA a SiiNe+aCi-arCez wherein 0 < a < 
1, 0 < z ^ 0.2, EA is at least one earth alkaline metal chosen from the group of calcium, 
barium and strontium and RE is a least one rare earth metal chosen from the group of 
yttrium, gadolinium and lutetium. 

10 An illumination system according to the present invention can provide a composite 
white output light that is well- balanced with respect to color. In particular, the 
composite white output light has a greater amount of emission in the red color range 
than the conventional lamp. This characteristic makes the device ideal for applications 
in which a true color rendition is required. 

15 

Such applications of the invention include inter alias traffic lighting, street lighting, 
security lighting and lighting of automated factory, and signal lighting for cars and 
traffic. 

20 Especially contemplated as the radiation source is a light emitting diode. 

According to a first aspect of the invention a white light illumination system comprises 
a blue-light emitting diode having a peak emission wavelength in the range of 420 to 
480 nm as a radiation source and a fluorescent material comprising ai least one. 
25 phosphor, that is a cerium-activated carbido-nitridosilicate of general formula (MEi. z ) 2 . 
a EAa-SM^Ci. a :Ce 3 wherein_0 < a < 1, 0 < z < 0.2,. Ea is atleastLone.earm_allcal3ne__ 
metal chosen^omihegroup of calcinmj barium and-SfrontjunxandEeJg-aleagt one- 
rare ear&3Siet2Lchosenfri3nx±he gromrof yttriunvgad ol i niiim and lutethmn 
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by the LED excites the phosphor, causing it to emit yellow light. The blue light emitted 
by the LED is transmitted through the phosphor and is mixed with the yellow light 
emitted by the phosphor. The viewer perceives the mixture of blue and yellow light as 
white light. 

An essential factor is that the yellow to red phosphors of the cerium-activated carbido- 
nitridosilicate type are so broad-banded that they also have a sufficient proportion of 
the emission throughout the whole spectral region. 

According to one embodiment the invention provides a white light illumination 
system comprising a blue-light emitting diode having a peak emission wavelength in 
the range of 420 to 480 nm as a radiation source and a fluorescent material 
comprising a cerium-activated carbido-nitridosilicate of general formula (REi_ z ) 2 . 
a EA a Si4N6+aCi. a :Ce z wherein 0<a<l,0<z^ 0.2, and Re is a least one rare earth 
metal chosen from the group of yttrium, gadolinium and lutetium and at least one 
second phosphor. 

When the fluorescent material comprises a phosphor blend of a phosphor of the cerium- 
activated carbido-nitridosilicate type and at least one second phosphor the color 
rendition of the white light illumination system according to the invention may be 
further improved. 

In particular, the fluorescent material may a phosphor blend, comprising a cerium 
activated carbido-nitridosilicate of general formula (REi. z ) 2 . a EA a Si 4 N 6+a Ci. a :Ce z 
wherein 0^a<l,0<z< 0.2, and Re is a least one rare earth metal chosen from the 
group of yttrium, gadolinium and lutetium and a red phosphor. 
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Such red phosphor may be selected from the group of Eu(TI)-activated phosphors, 
selected from the group (Cai. x Sr x ) S:Eu, wherein 0 < x < 1 and (Sr i. x . y Ba x Ca y ) 2 - z Si 5 - 
8 Al a N 8 -aOa:Eu z wherein 0£a<S,0<x<l,0<y<landO<z<l. 

5 

Otherwise the fluorescent material may be a phosphor blend, comprising a cerium 
activated carbido-nitridosilicate of general formula (REi- z ) 2 -aEA a Si4N &+a Ci. a :Ce z 
wherein 0<a<l,0<z< 0.2, and Re is a least one rare earth metal chosen from the 
group of yttrium, gadolinium and lutetium and a green phosphor. Such green phosphor 
10 may be selected from the group comprising (Bai_xSr x ) 2 Si0 4 : Eu, wherein 0 < x < 1, 
SrGa2S4 :Eu and SrSi2N202:Eu. 

The emission spectrum of such a fluorescent material comprising additional phosphors 
has the appropriate wavelengths to obtain together with the blue light of the LED and 
15 the yellow to red light of the cerium-activated carbido-nitridosilicate type phosphor 
according to the invention a high quality white light with good color rendering at the 
required color temperature. 

According to another embodiment of the invention there is provided a white light 
20 illumination system, wherein the radiation source is selected from the light emitting 
diodes having an emission with a peak emission wavelength in the UV-range of 200 to 
420 nm and the fluorescent material comprises at least one phosphor, that is a cerium- 
activated carbido-nitridosilicate of general formula (REi- z ) 2 - a EA a gi^e+aCw.Cez 
wherein 0<a<l,0<z< 0.2„. Ea is at least one earth alkaline metal chosen from the 



group of calcium, bariumand strontium and He is a least one rare earth metal chosen_ 
from the-group of yttrium,_gadolinium andlutetium:and-asecond.phQSphor. 



m-psrlkulaav theJto£assc en'rm?te a 
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metal chosen from the group of yttrium, gadolinium and lutetium and a blue phosphor. 

Such blue phosphor may be selected from the group comprising BaMgAli o 0i 7: Eu, 
Ba 5 Si0 4 (Cl,Br) 6 :Eu, CaLn 2 S 4: Ce and (Sr,Ba,Ca) 5 (P0 4 ) 3 Cl:Eu. 

A second aspect of the present invention provides an illumination system providing red 
to yellow light. Applications of the invention include security lighting as well as signal 
lighting for cars and traffic. 

Especially contemplated is a yellow to red light illumination system, wherein the 
radiation source is selected from the blue light emitting diodes having an emission with 
a peak emission wavelength in the range of 400 to 480 nm a and the fluorescent 
material comprises at least one phosphor, that is a cerium-activated carbido- 
nitridosilicate of general formula (REi. z ) 2 . a EA a Si 4 N 6+a C 1 .a:Ce z wherein 0 <S a < 1, 0 < z 
< 0.2„ Ea is at least one earth alkaline metal chosen from the group of calcium, barium 
and strontium and Re is a least one rare earth metal chosen from the group of yttrium, 
gadolinium and lutetium. 

Also contemplated is a yellow to red light Ulumination system, wherein the radiation 
source is selected from the light emitting diodes having an emission with a peak 
emission wavelength in the UV-range of 200 to 420 nm and the fluorescent material 
comprises at least one phosphor that is a cerium-activated carbido-nitridosilicate of 
general formula (REi_ z ) 2 -aEA a Si 4 N ( * a Ci_ a :Ce z wherein 0^a<l,0<z^ 0.2, Ea is at 
least one earth alkaline metal chosen from the group of calcium, barium and 
strontium and Re is a least one rare earth metal chosen from the group of yttrium, 
gadolinium and lutetium. 

Another aspect of the present invention provides a phosphor capable of absorbing a 
part of light emitted by the radiation source and emitting light of wavelength 
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different from that of the absorbed light; wherein said phosphor is a cerium-activated 
carbido-nitridosilicate of general formula (REi-z)2- a EA a Si 4 N6 + aCi- 8 :Ce z wherein 0 < a 
< 1, 0 < z < 0.2, Ea is at least an earth alkaline metal chosen from calcium, strontium 
and barium and Re is a least one rare earth metal chosen from the group of yttrium, 
5 gadolinium and lutetium. 

The fluorescent material is excitable by UV-A emission lines which have such 
wavelengths as from 200 nm to420 nm, but is excited with higher efficiency by blue 
light emitted by a blue light emitting diode having a wavelength around 400 to 480 nm. 
10 Thus the fluorescent material has ideal characteristics for conversion of blue light of 
nitride semiconductor light emitting component into white light. 

These phosphors are broad band emitters wherein the visible emission is so broad that 
there is no 80 nm wavelength range where the visible emission is predominantly 
1 5 located. These cerium-activate d carbido-nitridosilicate phosphors emit a broad band in 
the red to yellow spectral range of the visible spectrum with very high. Total 
conversion efficiency can be up to 90 %. 

Additional important characteristics of the phosphors include 1) resistance to thermal 
20 quenching of luminescence at typical device operating temperatures (e.g. 80°C); 2) lack 
of interfering reactivity with the encapsulating resins used in the device fabrication; 3) 
suitable absorptive profiles to minimize dead absorption within the visible spectrum; 4) 
a temporally stable luminous output over the operating lifetime of the device and; 5) 
compositionally controlled tuning of the phosphors excitation and emission properties. 

25 

These cerium-activated carbido-nitridosilicate type phosphors may also include^ 
pmseodymiumandjother cations including miidums of cationsjas co-activators. In . - 
psmsuiar^iiLQse c^bido-niiridodlicate comp^MoiisJiaving- an_coacti^ator cation 
sefcfcsd fiwrnnrhe gr ouprof paage^ mmTnrsaid sffm-'irinm . presents! lo~/ e oirerentrs nons, - 
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are particularly desirable, since such compositions show an extra sharp line emission in 
the red region of the visible spectrum too. 

In particular, the invention relates to specific phosphor composition Y2Si4NgC:5%Ce 
which exhibit a high quantum efficiency of 80 - 90 %, high absorbance in the range 
from 370 ran to 470 ran of 60-80%, an emission spectrum with a peak wave length of 
about 590 ran and low loss, below 10%, of the luminescent lumen output from room 
temperature to 100 °C due to thermal quenching. 

Specific phosphor composition Y 2 Si4N6C:5%Ce is especially valuable as the mixture 
of blue spectrum near 450 ran and yellow spectrum near 580 ran has been considered to 
be a white light source that shows the highest efficiency with respect to the 
optimization of dichromatic radiation type in terms of true color rendition. 

These phosphors may have a coating selected from the group of fluorides and 
orthophosphates of the elements aluminum, scandium, yttrium, lanthanum gadolinium 
and lutetium, the oxides of aluminum, yttrium and lanthanum and the nitride of 
aluminum. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 shows a schematic view of a dichromatic white LED lamp comprising a 
phosphor of the present invention positioned in a pathway of light emitted by an LED 
structure. 

FIG. 2 Shows the coordinates of 1he radiation of a white LED with Tc = 2960 K (CRI = 
76) comprising a blue LED at 460 ran and Y2Si4N6C:5%Ce as a color converter in the 
chromaticity diagram of the Commission Internationals de rEclairage ("CIE"). 
Fig. 3: Shows a XRD pattern of Y 2 Si4N6C:5%Ce measured by Cu Ka radiation. 
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Fig. 4 Shows excitation and emission spectra of Y2Si4N6C:5%Ce. 

Fig. 5 discloses emission spectrum of a white LED with Tc = 2960 K (CRI = 76). 

comprising a blue LED at 460 nm and Y 2 Si4N 6 C:5%Ce as a color converter. 
5 Fig. 6 discloses emission spectrum of a white LED with Tc = 3720 K (CRI = 84) 

comprising a blue LED at 460 nm and Y 2 Si 4 N 6 C:5%Ce as a color converter. 

Fig. 7 discloses emission spectrum of a white LED with Tc = 5490 K (CRI = 80) 

comprising a blue LED at 460 nm and Y 2 Si4N 6 C:5%Ce as a color converter 

Fig. 8 discloses emission spectra of commercial white LEDs comprising a 462 nm 
10 InGaN die and (Yl-xGdx)3(All-yGay)5012:Ce as a yellow phosphor. 

DETAILED DESCRIPTION OF THE INVENTION 

The present invention focuses an a cerium-activated carbido-nitridosilicate as a 
phosphor in any configuration of an illumination system containing a radiation source, 
1 5 including, but not limited to discharge lamps, fluorescent lamps, LEDs, IDs and X-ray 
tubes. As used herein, the term "radiation" encompasses radiation in the UV, IR and 
visible regions of the electromagnetic spectrum. 

While the use of the present phosphor is contemplated for a wide array of illumination, 
20 the present invention is described with particular reference to and finds particular 
application to light emitting diodes, especially UV- and blue-light-emitting diodes. 

The fluorescent material according to the invention comprises as a cerium-activated 
carbido-aitridosilicaie. The phosphor conforms to the general formula (REi. z ) 2 - a EA a 
25 Si 4 N6+ a Ci. a :Ce 3 wherein 0 < a< 1, 0 < z < 0.2„ Re is a least one. rare earth metal chosen 
from the-gcoup of yttriunvgadoliniumand lutetiumiandEais as least one earurallsaline 
metal choseiiAomihe.graup-of calcmm^iimtiu of phosphor 

materia b^edraaracfestsd Immneagancs-of iijsarhsdamifcatmiter l nitridonilics fc. 



- 11 - 



PHDE040060 EPP 



The phosphor of general formula (REi_ z ) 2 - a EA a Si 4 N 6+ *Ci. 8 :Ce z wherein 0 <: a < 1, 0 < z 
^ 0.2, comprises a host lattice with the main components of silicon and nitrogen. It also 
comprises carbon(-TV). The host lattice is supposed to have a structure consisting of (N- 
5 Si-N-) and (C-Si -N)-units in a three-dimensional network, wherein silicon is 
tetrahedrically surrounded by nitrogen and carbon. 

The incorporation of carbon in the host lattice increases the proportion of covalent 
bonding and ligand-field splitting. As a consequence this leads to a shift of excitation 
10 and emission bands to longer wavelengths in comparison to the basic nitridosilicate 
lattices. 

Within the three dimensional network metal ions such as the rare earth metals and earth 
alkaline metals as well as cer(IH) and eventually praseodymium(in) are incorporated. 
1 5 Preferably the rare earth metals are selected from yttrium, gadolinium, lutetium, and the 
earth alkaline metals are selected from calcium, strontium and barium are incorporated 

The host lattice for those materials may be four element (two cation) carbido- 
nittidosilicate such as yttrium carbido-nitridosilicate Y 2 Si 4 N6C, for example, or may 
20 comprise more that four elements such as yttrium-calcium carbido-nitridosilicate 
Y 1.8Cao.2Si4N6.2Co.8 or (Y,Gd,Lu) 2 Si 4 N6C for example. 

Especially, within the basic host lattice substitution of divalent rare earth metal ions for 
divalent earth alkaline metals is possible. 

25 

When substituting earth alkaline metals Ea with rare earth metals Re, the proportion is 
preferably within the range from 0.2 : 0.8 to 0.8 : 0.2. 

Equally the rare earth metals can be substituted by each other. 

30 
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Substituting rare earth metal ions in carbido-nitridosilicate host will shift the spectral 
position of the cerium emission to produce a range of colours. It was found that the 
easiest method is to replace some of the yttrium ions hi the host lattice with other rare 
5 earths metals- Those with larger ionic radii, such as gadolinium, produce a red shift and 
those with smaller ionic radii, such as lutetium, produce a blue shift. 

This means that, when emission of more reddish light is required, it can be achieved by 
increasing the degree of substitution with Gd. But when the Gd content is increased, 
1 0 luminance of light emitted by photoluminescence under blue light tends to decrease, 
therefore yttrium is preferred as the rare earth metal. 

The proportion z of Ce is preferably in a range of 0.003< z < 0.2. 

15 When the proportion z of Ce is 0.003 or lower, luminance decreases because the 
number of excited emission centers of photoluminescence due to Ce decreases and, 
when the z is greater than 0. 2, density quenching occurs. Density quenching refers 
to the decrease in emission intensity which occurs when the concentration of an 
activation agent added to increase the luminance of the fluorescent material is 

20 increased beyond an optimum level. 

Replacing some of the cerium in a cerium-activated carbido-nitridosilicate by 
praseodymium as a co-activator has the effect, that the praseodymium produces 
secondary emission that is concentrated in the red region of the visible spectrum, 
25 instead_of a typical broadband secondary emission from cerium=activated carbido- 
mttidoDilicate phosphor that is generally_centered in the yellow -region of the visible 
spectxumJIbe amountofpraaeodymiumas a co-activator eanvary^dependingxm the. 
amountjof radeolorfhatmayrbe required in the v/hite.outputJightfora particular 
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These cerium-activated carbido-nitridosilicate phosphors are responsive to more 
energetic portions of the electromagnetic spectrum than the visible portion of the 
spectrum. 

5 

In particular, the phosphors according to the invention are especially excitable by UV- 
emission lines which have such wavelengths as 200 to 420 nm, but is excited with 
higher efficiency by LED light emitted by a blue light emitting component having a 
wavelength from 400 to 480 nm. Thus the fluorescent material has ideal characteristics 
10 for converting blue light of nitride semiconductor light emitting component into white 
light. 

The method for producing a cerium-activated carbido-nitridosilicate phosphor of the 
present invention is not particularly restricted, and it can be produced by firing a 
15 mixture of metal compounds which provides a cerium-activated carbido-nitridosilicate 
fluorescent material. 

Eor example, one of the preferable compound represented by Y2Si4N6C:5%Ce is 
produced by the method where yttrium metal, carbon, silicon diimide and cerium(l 1 1) 
20 fluoride as the starting materials are weighed and compounded to give a molar ratio 
Y:Si:N:C:Ce of 2:4:6:1 :0.05, and then be fired. 

Starting materials having a high purity of 99.9% or more and in the form of fine particle 
having an average particle size of 1 um or less can be preferably used. 



25 



cerium 



In the first place, the staring materials (i.e., alkaline earth metal halide, 
compound such as cerium halide, alkali metal halide, and the rare earth metals) are well 
mixed by a dry and/or wet process utilizing any of various known mixing method such 
as ball mills, V-shaped mixers, stirrers and the like. 



30 
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The obtained mixture is placed in a heat-resistance container such as an alumina 
crucible and a tungsten boat, and then fired in an electric furnace. A preferred 
temperature for the firing ranges from 1,600 to 1,800 degree C. 

The firing atmosphere is not particularly restricted, and for example, it is preferable to 
conduct firing in a reducing atmosphere such as an atmosphere comprising inert gas 
such as nitrogen and argon and the like, and hydrogen in a proportion of 0.1 to 10 
volume%. The firing period is determined upon various conditions such as the amount 
of the mixture charged in the container, the firing temperature and the temperature at 
which the product is taken out of the furnace, but generally in the range of 10 to 14 
hours. 

Fluorescent material obtained by the above-mentioned method may be ground 
by using, for example, a ball mill, jet mill and the like. Moreover, washing and 
classification may be conducted. For enhancing the cristallinity of the resulting 
granular phosphor re-firing is suggested. 

After firing, the powders were characterized by powder X-ray diffraction (Cu, Ka-line), 
which showed that all compounds had formed. Fig. 3 shows the X-ray diffraction data 
ofY2Si4N6C:5%Ce. 

Each phosphor of the cerium-activated carbido-nitridosiUcate type emits a yellow to red 
fluorescence when excited by radiation of the UVA or blue range of the 
electromagnetic spectrum. 

InFIG. 4 of the tkawmga-accompanyin^ excitation smd. emission_ 



1 
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When excited with radiation of wavelength 355 nm, these carbido-nitridosilicate 



5 



phosphor is found to give a broad band emission, which peak wave length at 590 nm 
and a tail emission up to 700 nm. 



From the excitation spectra, it is also clear that these cerium-activated lutetium 
aluminum-garnet phosphors can be excited efficiently with radiation of wavelength of 
1 0 about 254 nm as well as about 460 nm. 

For preparation of a cerium-activated carbido-nitridosilicate Y 2 Si 4 N 6 C:5%Ce as 

precursor material 43.9 g (0.494 mol) Y metal, 99,8 (1 .0 mol) Si(NH2) 2 , 25.8 g (2.15 

mol) C, and 5.1 g (0.026 mol) CeF3 are thoroughly mixed in an inert atmosphere 
15 (nitrogen). 

After mixing, the powder is fired in an H2/N2 = 5/95 atmosphere for 12 hrs at 1700°C. 
The resulting luminescent material is then ground, washed with water and ethanol, 
dried and sieved. A yellow powder is obtained, which efficiently luminescence at 590 
20 nm under UV and blue excitation. The color point is at x = 0.496 and y = 0.483. The 
lumen equivalent is 330 lm/W. 

The phosphor Y 2 Si4N 6 C:5%Ce is, because of carbido-nitridosilicate structure, resistant 
to heat, light and moisture, and is capable of absorbing excitation light having a peak at 
25 a wavelength near 430 nm as shown in FIG. 4. it also emits light of broad spectrum 
having a peak near 590 nm tailing out to 700 nm as shown in FIG. 4. 

Preferably the cerium-activated carbido-mtridosilicate type phosphors according to the 
invention may be coated with a thin, uniform protective layer of one or more 

30 
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compounds selected from the group formed by the fluorides and orthophosphates of the 
elements aluminum, scandium, yttrium, lanthanum gadolinium and lutetium, the oxides 
of aluminum, yttrium and lanthanum and the nitride of aluminum. 

The protective layer thickness customarily ranges from 0.001 to 0.2 gm and, thus, is so 
thin that it can be penetrated by the radiation of the radiation source without substantial 
loss of energy. The coatings of these materials on the phosphor particles can be applied, 
for example, by deposition from the gas phase a wet-coating process. 

The invention also concerns an illumination system comprising a radiation source and a 
fluorescent material comprising at least one cerium-activated carbido-nitridosilicate of 
general formula (REi^-aEAa Si 4 N < ^Ci- a :Ce 2 wherein 0<a<l,0<z< 0.2, Ea is at 
least one an earth alkaline metal chosen from calcium, strontium and barium and Re is a 
least one rare earth metal chosen from the group of yttrium, gadolinium and lutetium. 

Radiation sources include semiconductor optical radiation emitters and other devices 
that emit optical radiation in response to electrical excitation. Semiconductor optical 
radiation emitters include light emitting diode LED Chips, light emitting polymers 
(LEPs), organic light emitting devices (OLEDs), polymer light emitting devices 
(PLEDs), etc. 

Moreover, light emitting components such as those found in discharge lamps and 
fluorescent lamps, such as mercury low and high pressure discharge lamps, sulfur 
discharge lamps, and discharge lamps based an molecularradiators are also 
Ltemplatedfot use as radiation sources with the present inventive phosphor 



com 
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Any configuration of an illumination system which includes a LED and a cerium 
activated carbido-nitridosilicate phosphor composition is contemplated in the present 
invention, preferably with addition of other well-known phosphors, which can be 
5 combined to achieve a specific color or white light when irradiated by a LED emitting 
primary UV or blue light as specified above. 

A detailed construction of one embodiment of such illumination system comprising 
a radiation source and a fluorescent material shown in Fig. 1 will now be described. 

FIG. 1 shows a schematic view of a chip type light emitting diode with a coating 
comprising the fluorescent material. The device comprises chip type light emitting 
diode (LED) 1 as a radiation source. The light-emitting diode dice is positioned in 
a reflector cup lead frame 2. The dice 1 is connected via a bond wire 7 to a first 
terminal 6, and directly to a second electric terminal 6. The recess of the reflector 
cup is filled with a coating material which contains a fluorescent material 
according to the invention to form a coating layer which is embedded in the 
reflector cup. The phosphors are applied either separately or in a mixture. 

The coating material typically comprises a polymer for encapsulating the phosphor 
or phosphor blend. In these embodiment, the phosphor or phosphor blend should 
exhibit high stability properties against the encapsulate. Preferably, the polymer is 
optically clear to prevent significant light scattering. A variety of polymers are 
known in the LED industry for making LED lamps. 

In one embodiment, the polymer is selected from the group consisting of epoxy and 
silicone resins Adding the phosphor mixture to a liquid that is a polymer precursor 
can perform encapsulation. For example, the phosphor mixture can be a granular 
powder. Introducing phosphor particles into polymer precursor liquid results in 



- 18- 



PHDE040060 EPP 



formation of a slurry (i.e. a suspension of particles). Upon polymerization, the 
phosphor mixture is fixed rigidly in place by the encapsulation. In one 
embodiment, both the fluorescent material and the LED dice are encapsulated in 
the polymer. 

5 

The transparent coating material may comprise light-diffusing particles, 
advantageously so-called diffusers. Examples of such diffusers are mineral fillers, in 
particular CaF 2 , T1O2, SiQ 2 , CaC0 3 or BaS0 4 or else organic pigments. These 
materials can be added in a simple manner to the above-mentioned resins. 

10 

In operation, electrical power is supplied to the dice to activate the dice. When 
activated, the dice emits the primary light, e.g. blue light. A portion of the emitted 
primary light is completely or partially absorbed by the fluorescent material in the 
coating layer . The fluorescent material then emits secondary light, i.e., the converted 

1 5 light having a longer peak wavelength, primarily yellow in a sufficiently broadband 
(specifically with a significant proportion of red) in response to absorption of the 
primary light. The remaining unabsorbed portion of the emitted primary light is 
transmitted through the fluorescent layer, along with the secondary light. The 
encapsulation directs the unabsorbed primary light and the secondary light in a 

20 general direction as output light. Thus, the output light is a composite light that is 
composed of the primary light emitted from the die and the secondary light emitted 
from the fluorescent layer. 

The color points corresponding to a black body at various temperatures are given by the 
25 black body point (BBL). Because the color emitted froma black body is considered to 
be white^and white light is generally desirable for a lamp, it is generally desirable that, 
colorpoint of theJightemiited from the Juminescent materiaLof a luminescent lamp fall 
stn qt yanriha PTOTT A p ortion cfihe BBXlis sh&v^-inFIG^2_^dth.thr£e'Color 

into bteMishfedsaiihs. EBEcaranmmfingto ^?Mta fls fttrimit t fag LEES. 
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The color temperature or color point of the output light of an iUumination system 
according to the invention will vary depending upon the spectral distributions and 
intensities of the secondary light in comparison to the primary light. 

Firstly, the color temperature or color point of the primary light can be varied by a 
suitable choice of the light emitting diode 

Secondly, the color temperature or color point of the secondary light can be varied by a 
suitable choice of the phosphor in the luminescent material, its particle size and its 
concentration. Furthermore, these arrangements also advantageously afford the 
possibility of using phosphor blends in the luminescent material, as a result of which, 
advantageously, the desired hue can be set even more accurately. 

According to one aspect of the invention the output light may have a spectral 
distribution such that it appears to be "white" light. 

In a first embodiment, a white-light emitting illumination system according to 
the invention can advantageously be produced by choosing the luminescent 
material such that a blue radiation emitted by a blue light emitting diode is 
converted into complementary wavelength ranges, to form dichromatic white 
light. In this case, yellow light is produced by means of the luminescent 
materials, that comprise a cerium-activated carbido-nitridosilicate phosphor. 
Also a second red fluorescent material can be used, in addition, in order to 
improve the color rendition of this illumination system. 

Particularly good results are achieved with a blue LED whose emission 
maximum lies at 400 to 480 nm. An optimum has been found to lie at 445 to 
465 nm, taking particular account of the excitation spectrum of the cerium- 
activated carbido-nitridosilicate. 
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A white-light emitting illumination system according to the invention can 
particularly preferably be realized by admixing the inorganic luminescent 
material 

5 Y2Si4N6C:5%Ce with a silicon resin used to produce the luminescence conversion 
encapsulation or layer. 

Part of a blue radiation emitted by a 462nm InGaN light emitting diode is shifted by the 
inorganic luminescent material Y 2 Si 4 N 6 C:5%Ce into the yellow spectral region and, 
10 consequently, into a wavelength range which is complementarity colored with respect 
to the color blue. A human observer perceives the combination of blue primary light 
and the secondary light of the yellow-emitting phosphor as white light. 

The hue (color point in the CIE chromaticity diagram) of the white light thereby 
15 produced can in this case be varied by a suitable choice of the phosphor in respect of 
mixture and concentration, see Table 2. 

Table 1 : Color point x, y and color rendering (Ra8) of white LEDs comprising a blue 
emitting die (462 nm) and a yellow phosphor (Y2Si4N6C:5%Ce) asfimction of 
20 color temperature T, 



T c [IC] 




y 


Ra 8 




2870 


0.470 


0.452 


74 




2960 


0.454 


0.433 


76 




3100 


0.434 


0.411 


78 




332a 


0.411 


0.383 


81 




3720 




0.349 


o-s* 




4703 


0.245 


0.306. 






54?0 


0.: : 32_ 

i 


ftJS'S 


CO 
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Said white light illumination device has color coordinates substantially at a black body 
point of a Cffi chromaticity diagram Fig. 2. 

FIG. 5, 6 and 7 show the emission spectra of such illumination system comprising blue 
5 emitting InGaN die with primary emission at 462 nm and Y 2 Si4N6C:5%Ce as the 
fluorescent material, which together form an overall spectrum which conveys a white 
color sensation of high quality. The associated color points for different coating 
Ihicknesses are x= 0.454, y = 0.433 at color temperature T c = 2960 Kelvin, CRI 76; 
x=0.382 and y=0.349 at color temperature T c =3720 Kelvin, CRI =84.and x=0.332, y = 
1 0 0.290 at color temperature 5490, CRI =80. 

When compared with the spectral distribution of the white output light generated by the 
prior art LED of Shimizu et al., (FIG. 8) 1he apparent difference in the spectral 
distribution is the shift of the peak wavelength which is in the red region of the visible 
1 5 spectrum. Thus, the white output light generated by the illumination system has a 

significant additional amount of red color, as compared to the output light generated by 
the prior art LED of Shimizu et al. 



In a second embodiment, a white-light emitting illumination system according to the 
20 invention can advantageously be produced by choosing the luminescent material such 
that a blue radiation emitted by the blue light emitting diode is converted into 
complementary wavelength ranges, to form polychromatic white light. In this case, 
yellow light is produced by means of the luminescent materials, that comprise a blend 
of phosphors including cerium-activated carbido-nitridosilicate phosphor and a second 
25 phosphor. 



Yielding white light emission with even high color rendering is possible by using red 
and green broad band emitter phosphors covering the whole spectral range together 
with a blue-emitting LED and a yellow to red emitting cerium-activated carbido- 
30 nitridosilicate phosphor. 
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Useftd-second-phosphors and their optical-properties aie-summarizedJn.flieJollowiiig_. 
table 2: 



Composition 


"kmiKt [nm] 


Color point x, y 


(Bai-xSr x ) 2 Si0 4 :Eu 


523 


0.272, 0.640 


SrGa 2 S 4 :Eu 


535 


0.270, 0.686 


SrSi 2 N 2 0 2 :Eu 


541 


0.356, 0.606 


SrS:Eu 


610 


0.627, 0.372 


(Sri- x -yCa x Bay)2Si5N8:Eu 


615 


0.615, 0.384 


(Sri.x-yCaxB^Sis-xAlxNs-xOxtEu 


615 - 650 




CaS:Eu 


655 


0.700, 0.303 


(Sri.xCa x )S:Eu 


610-655 


* 



The luminescent materials may be a blend of two phosphors, a yellow to red cerium 
activated carbido-nitridosilicate phosphor and a red phosphor selected from the group 
(Cai-xSrx) S:Eu, wherein 0 < x < 1 and (Sr i- x - y Ba x Ca y ) 2 . z Si 5 -aAl a N 8 -aO a :Eu z wherein 0 £ 
a<5, 0<x<l, 0<y<l and0<z<0.2. 

The luminescent materials may be a blend of two phosphors, a yellow to red cerium 
activated carbido-nitridosilicate phosphor and a green phosphor selected from the group 
comprising (Bai_ x Sr x ) 2 SiQ 4 : Eu, wherein 0 < x < 1, SrGa 2 S 4 :Eu and SrSi 2 N 2 0 2 :Eu. 

The luminescent materials may be a blend of three phosphors, a yellow to red cerium 
activated carbido-nitridosilicate phosphor, a red phosphor selected from the group (Caj. 
x Sr x ) S:Eu, wherein Ol<ji <1 and (Sr i,, y Ba x Ca y ) 2 . z Si 5 - a AlaM 8 A:Eu 3 wherein 0 < a < 
5 o< " < 1, 0 < y < 1 and 0 < z <jQ.2.and;a ,green-phosphor_selected fromdhe group. 

,w m ai , T SrM SiCu: EiVTtomA<--< U SaQx&i :EuanASfM 2 H 2 02:Eu.. 
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Example given, white-light emitting illumination system according to the invention can 
particularly preferably be realized by admixing the inorganic luminescent material 
comprising a mixture of three phosphors with an silicon resin used to produce the 
luminescence conversion encapsulation or layer. A first phosphor (1) is the yellow- 
emitting carbido-nitridosilicate Y2Si4N6C:5%Ce, the second phosphor (2) is the red- 
emitting CaS:Eu, and the third (3) is a green-emitting phosphor of type SrSi2N2C>2:Eu. 

Part of a blue radiation emitted by a 462nm InGaN light emitting diode is shifted by the 
inorganic luminescent material Y 2 Si 4 N 6 C:5%Ce into the yellow spectral region and, 
consequently, into a wavelength range which is complementarity colored with respect 
to the color blue. Another part of blue radiation emitted by a 462nm InGaN light 
emitting diode is shifted by the inorganic luminescent material CaS:Eu into the red 
spectral region. Still another part of blue radiation emitted by a 462nm InGaN light 
emitting diode is shifted by the inorganic luminescent material SrSi2N202:Eu into the 
green spectral region. A human observer perceives the combination of blue primary 
light and the polychromatic secondary light of the phosphor blend as white light 

The hue (color point in the CIE chromaticity diagram) of the white light thereby 
produced can in this case be varied by a suitable choice of the phosphors in respect of 
mixture and concentration. 

In a third embodiment, a white-light emitting illumination system according to the 
invention can advantageously be produced by choosing the luminescent material such 
that a UV radiation emitted by the UV light emitting diode is converted into 
complementary wavelength ranges, to form dichromatic white light. In this case, the 
yellow and blue light is produced by means of the luminescent materials. Yellow light 
is produced by means of the luminescent materials, that comprise a cerium-activated 
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c^biaD-ioitridosmcate phosphor.-Blue-light is produced by means of me-luminescent- - 
materials, that comprise a blue phosphor selected from the group comprising 
BaMgAl, o 0i7:Eu, Ba 5 Si0 4 (Cl,Br) 6 :Eu, CaLn 2 S 4: Ce and (Sr,Ba,Ca) 5 (P0 4 ) 3 Cl:Eu. 

5 

Particularly good results are achieved in conjunction with a UVA light emitting diode, 
whose emission maximum lies at 300 to 420 nm. An optimum has been found to lie at 
365 nm, taking particular account of the excitation spectrum of the carbido- 
nitridosilicate. 

10 

In a fourth embodiment, a white-light emitting illumination system according to the 
invention can advantageously be produced by choosing the luminescent material such 
that UV radiation emitted by a UV emitting diode is converted into complementary 
wavelength ranges, to form polychromatic white light e.g. by additive color triads, for 
1 5 example blue, green and red. 

In this case, the yellow to red and the green and blue light is produced by means of the 
luminescent materials. 

20 Also a second red fluorescent material can be used, in addition, in order to improve the 
color rendition of this illumination system. 

Yielding white light emission with even high color rendering is possible by using blue 
and green broad band emitter phosphors covering the whole spectral range together 
25 with a UV emitting LED and a yellow to red emitting cerium=activated carbido- 
nitridosilicate phosphor. 

TheJmninescentJnaxerialaJjaay be a blend of taephc^hor^-ayeEawto red cerium, 
aatczsted ct^dc^mt^mB^^h^mhmz a blue phasta- adaeisd fmnrfhe sronnr 
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comprising BaMgAli o 0i 7: Eu, Ba 5 Si0 4 (Cl,Br) 6 :Eu, CaLn 2 S 4; Ce and (Sr,Ba,Ca) 
s(P0 4 ) 3 Cl:Eu and a green phosphor selected from the group comprising (Bai_xSr x )2 
Si04: Eu, wherein 0 < x < 1, SrGa2S4 :Eu and SrSi2N2C>2:Eu. 

5 The hue (color point in the CIE chromaticity diagram) of the white light thereby 

produced can in this case be varied by a suitable choice of the phosphors in respect of 
mixture and concentration. 

According to further aspect of the invention an illumination system that emits output light 
1 0 having a spectral distribution such that it appears to be "yellow to red" light is 
contemplated. 

Fluorescent material comprising cerium activated carbido-nitridosilicate as phosphor is 
particularly well suited as a yellow component for stimulation by a primary UVA or blue 
1 5 radiation source such as, for example, an UVA-emitting LED or blue-emitting LED. 

It is possible thereby to implement an illumination system emitting in the yellow to red 
regions of the electromagnetic spectrum. 

20 In a fifth embodiment, a yellow-light emitting illumination system according to the 

invention can advantageously be produced by choosing the luminescent material such that 
a blue radiation emitted by the blue light emitting diode is converted into complementary 
wavelength ranges, to form dichromatic yellow light. 

25 In this case, yellow light is produced by means of the luminescent materials, that comprise 
a cerium-activated carbido-nitridosilicate phosphor. 

Particularly good results are achieved with a blue LED whose emission maximum lies at 
400 to 480 nm. An optimum has been found to lie at 445 to 465 nm, taking particular 
30 account of the excitation spectrum of the carbido-nitridosilicate. 
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A Tyellow-light emitting illur^ ~ 
preferably be realized by admixing an excess of the inorganic luminescent material 
Y2Si4N6C:5%Ce with a silicon resin used to produce the luminescence conversion 
5 encapsulation or layer. Part of a blue radiation emitted by a 462nm IhGaN light emitting 
diode is shifted by the inorganic luminescent material Y2Si4NgC:5%Ce into the yellow 
spectral region and, consequently, into a wavelength range which is complementarity 
colored with respect to the color blue. A human observer perceives the combination of 
blue primary light and the excess secondary light of the yellow-emitting phosphor as 
10 yellow light 

The color output of the LED - phosphor system is very sensitive to the thickness of the 
phosphor layer, if the phosphor layer is thick and comprises an excess of a yellow 
cerium activated carbido-nitridosilicate phosphor, then a lesser amount of the blue LED 
15 5 light will penetrate through the thick phosphor layer. The combined LED - 

phosphor system will then appear yellow to red, because it is dominated by the yellow 
to red secondary light of the phosphor. Therefore, the thickness of the phosphor layer is 
a critical variable affecting the color output of the system. 

20 The hue (color point in the CIE chromaticity diagram) of the yellow light thereby 
produced can in this case be varied by a suitable choice of the phosphor in respect of 
mixture and concentration. 

In a sixth, embodiment, a white-light emitting illumination system according to the 
25 invention can. advantageously be produced by choosing the luminescent material such 
that a UV radiation emitted by the .UV emitting diode, k convened entirely into 
monochromatic yellow to red 'light, hi this case, theiyeUo^rto red lightis produced by 
mgsnmof luminescent msterisla^. 
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A yellow-light emitting illumination system according to the invention can 
particularly preferably be realized by admixing the inorganic luminescent material 
Y2Si4NgC:5%Ce with an silicon resin used to produce the luminescence conversion 

5 encapsulation or layer. Part of a blue radiation emitted by a 462nm InGaN light 
emitting diode is shifted by the inorganic luminescent material Y2Si4N6C:5%Ce 

into the yellow spectral region. A human observer perceives the combination of 
UVA primary radiation and the secondary light of the yellow-emitting phosphor as 
yellow light. 

0 

The hue (color point in the CIE chromaticity diagram) of the white light thereby 
produced can in this case be varied by a suitable choice of the phosphor in respect of 
mixture and concentration. 



15 
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CLAIMS 



1 . Illumination system, comprising a radiation source and a fluorescent material 
comprising at least one phosphor capable of absorbing a part of light emitted by the 
radiation source and emitting light of wavelength different from that of the absorbed 
light; wherein said at least one phosphor is a cerium-activated carbido-nitridosilicate of 
5 general formula (REi- z ) 2 . a EA a Si4N6+aCi- a :Ce z wherein 0<a<l,0<z< 0.2, EA is at 
least one earth alkaline metal selected from the group of calcium, strontium and barium, 
and RE is a least one rare earth metal chosen from the group of yttrium, gadolinium and 
lutetium. 

10 2. Illumination system according to claim 1, wherein the radiation source is a light 
emitting diode. 

3. Illumination system according to claim 1, wherein the radiation source is selected 
from the light emitting diodes having an emission with a peak emission wavelength in 
15 the range of 400 to 480 nm and wherein the fluorescent material comprising a cerium- 
activated carbido-mtridosilicate of general formula (REi. z ) 2 -aEA a Si4N^Ci_ a :Ce z 
wherein 0<a<l,0<z^ 0.2, EA is at least one earth alkaline metal selected from the 
group of calcium, strontium and barium, and RE is a least one rare earth metal chosen 
from the group of yttrium, gadolinium and lutetium. 



20 
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4. Dlumination system according to claim 1, wherein the radiation source is selected 
from the light emitting diodes having an emission with a peak emission wavelength in 
the range of 400 to 480 nm and the fluorescent material comprises a cerium-activated 
5 carbido-nitridosilicate of general formula (REi- z )2- a EA a Si 4 N 6 + a Ci- a :Ce z wherein 0 < a < 
1, 0<z< 0.2, EA is at least one earth alkaline metal selected from the group of 
calcium, strontium and barium, and RE is a least one rare earth metal chosen from the 
group of yttrium, gadolinium and lutetium and a second phosphor. 

10 5. Illumination system according to claim 4, wherein the second phosphor is a red 

phosphor selected from the group (Cai- x Sr x ) S:Eu, wherein 0 < x < 1 and (Sr i_ x _ y Ba x Ca y 
)2. z Si 5 . a Al a N 8 . a O a :Eu z wherein 0<a<5,0<x<l,0<y<land0<z< 0.2. 

6. Illumination system according to claim 4, wherein the second phosphor is a green 

15 phosphor selected from the group comprising (Bai_xSr x )2 SiC>4: Eu, wherein 0 < x < 1, 
SrGa2S4 :Eu and SrSi2N2C>2:Eu. 

7. Illumination system according to claim 1, wherein the radiation source is selected 
from the light emitting diodes having an emission with a peak emission wavelength in 

20 the UV range of 200 to 420 nm and wherein the fluorescent material comprises a 
cerium-activated carbido-nitridosilicate of general formula (REi_ z )2- a EA a 8i4N6+aCi_ 
a :C@ z wherein 0 <a<l,0<£< 0.2, and EA is at least one earth alkaline metal selected 
from the group of calcium, strontium and barium, and RE is a least one rare earth metal 
chosen from the groupof yttrium, gadolinium and lutetium^ 



25 
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8. Dlumination system according to claim 1, wherein the radiation source is selected 
from the light emitting diodes having an emission with apeak emission wavelength in 
the UV-range of 200 to 420 nm and wherein the fluorescent material comprises a 
5 cerium-activated carbido-nitridosilicate of general formula (REi_ z ) 2 . a EA a Si4N 6 +aCi. 
a :Ce z wherein 0<a<l,0<z< 0.2, and EA is at least one earth alkaline metal selected 
from the group of calcium, strontium and barium, and RE is a least one rare earth metal 
chosen from the group of yttrium, gadolinium and lutetium and a second phosphor. 

10 9. Dlumination system according to claim 8, wherein the second phosphor is a blue 
phosphor selected from the group of BaMgAli o 0i 7; Eu, Ba 5 Si04(Cl,Br) 6 :Eu, 
CaLn 2 S 4: Ce and (Sr,Ba,Ca) 5 (P0 4 )3Cl:Eu. 

1 0. Illumination system according to claim 8, wherein the second phosphor is a red 

15 phosphor selected from the group Cai_ x Sr x ) S:Eu, wherein 0 < x < 1 and (Sr i_ x _ y Ba x Ca y 
) 2 -zSi5-aAl a N 8 -aOa:Eu z wherein 0<Ca<5, 0<x<l,0^y<land0<z^ 0.2. 

1 1 . Illumination system according to claim 8, wherein the second phosphor is a green 
phosphor selected from the group comprising (Baj_xSr x )2 SiC>4: Eu, wherein 0 < x ^ 1, 
SrGa2S4 :Eu and SrSi2N2C>2:Eu. 

20 

12. Phosphor capable of absorbing a part of light emitted by the radiation source and 
emitting light of wavelength different from that of the absorbed light; wherein said 
phosphor is a cerium-activated carbido-nitridosilicate of general formula (REi. z ) 2 . a EA a 
Si4N6+aCi_ a :Ce z wherein 0^a<l,0<z< 0.2, EA is at least an earth alkaline metal 

25 chosen from calcium, strontium and barium and RE is a least one rare earth metal 
chosen from the group of yttrium, gadolinium and lutetium. 
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13. Phosphor according to claim 12, wherein said phosphor additionally comprises a co 
activator selected from the group of praseodymium and samarium. 

5 14. Phosphor according to claim 12, wherein said phosphor is a cerium-activated 
carbido-nitridosilicate of general formula Y2Si4NgC:5%Ce. 

15. Phosphor according to claim 12, wherein the phosphor has a coating selected from 
the group of fluorides and orthophosphates of the elements aluminum, scandium, 
10 yttrium, lanthanum gadolinium and lutetium, the oxides of aluminum, yttrium and 
lanthanum and the nitride of aluminum. 
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ABSTRACT 

Illumination system comprising a radiation source and a fluorescent material 

The invention concerns an illumination system, comprising a radiation source and a 
fluorescent material comprising at least one phosphor capable of absorbing a part of 
5 light emitted by the radiation source and emitting light of wavelength different from 
that of the absorbed light; wherein said at least one phosphor is a yellow red-emitting 
cerium-activated carbido-nitridosilicate of general formula (REi. z )2- a EA a S^N^Ci.. 
a :Ce z wherein 0<a<l,0<z^ 0.2, EA is at least one earth alkaline metal selected from 
the group of calcium, strontium and barium, and RE is a least one rare earth metal 
10 chosen from the group of yttrium, gadolinium and lutetium. 

The invention is also concerned with a red to yellow -emitting cerium-activated 
carbido-nitridosilicate of general formula (REi_ z ) 2 -aEA a Si4N6+aCi- a :Ce z wherein 0 < a< 
1, 0 < z ^ 0.2, EA is at least one earth alkaline metal selected from the group of 
15 calcium, strontium and barium, and RE is a least one rare earth metal chosen from the 
group of yttrium, gadolinium and lutetium. 

Fig. 1 
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